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Anaheim,  California  92803 

This  note  reports  distinctive  responses  observed  on  reversal  of  the 
faradalc  current  In  lutetlum  dlphthalocyanlne  films  which  provide 
evidence  of  electronic  conduction  due  to  mixed  oxidation  states. 
Implications  for  reactions  of  the  dye  system  at  high  current  densities 
are  discussed. 

Earlier  papers  from  this  laboratory  described  faradalc  moving- 
boundary  experiments  on  Insulator-supported  films  of  lutetlum 
dlphthalocyanlne.  With  that  technique,  the  lower  end  of  the  green  dye 
film  was  Immersed  In  a  liquid  electrolyte,  while  the  upper  end,  several 
centimeters  away,  was  connected  through  a  metal  contact  to  a 


Key  words:  dlphthalocyanlnes,  electronic  conduction,  ion  transport, 
electrochromlsm 
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constant-current  power  supply  (1,  2).  The  faradalc  reaction  front  was 
visible  as  a  boundary  between  the  colors  of  the  reactant  and  product 
materials.  Whether  anodic  or  cathodic,  this  front  originated  at  the 
dye/solution  Interface  and  moved  upward  toward  the  metal  contact.  An 
experimental  mobility  associated  with  the  counter  Ion  entering  the  film 
was  calculated  from  the  velocity  of  the  boundary  and  the  electric  field 
In  the  converted  film. 

EXPERIMENTAL 

The  observations  reported  here  were  made  by  reversal  of  the  current 
In  single-boundary  experiments  of  the  kind  described  above  or  In  dual- 
boundary  experiments  where  anodic  and  cathodic  fronts  were  propagated 
toward  one  another  from  Identical  electrolyte  contacts  at  each  end  of 
the  film. 

The  single-boundary  cells,  of  the  type 

Metal  /  Dye  Film  /  Electrolyte  /  Counter  Electrode 

had  the  film  positioned  vertically  and  were  constructed  as  described  In 
Ref.  3,  except  that  the  container  could  be  closed  to  maintain  a 
controlled  gas  atmosphere.  In  the  dual -boundary  cells,  with  the  □ 

configuration  — 

Counter  Electrode  /  Electrolyte  /  Dye  Film  /  Electrolyte  /  Counter  Electrode  5 
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the  film  was  positioned  horizontally,  and  contacts  to  the  electrolyte 
were  made  through  strips  of  filter  paper.  A  plastic  housing  was 
provided  to  control  the  gas  atmosphere. 


Lutetlum  dlphthalocyanlne  test  specimens  were  prepared  by  vacuum- 
subliming  the  dye  onto  single-crystal  sapphire  plates,  which  were 
heated  several  minutes  under  an  Infrared  lamp  Immediately  prior  to  the 
deposition  stage.  This  procedure  Is  thought  to  yield  films  consisting 
primarily  of  LuPc2.*  Unless  the  substrate  Is  heated,  however,  such  a 
film  can  react  with  air  on  removal  from  the  vacuum  system,  possibly 

forming  an  oxygen  adduct  LuHPc2  02  (4).  The  dye  films  were 
characterized  by  determining  the  maximum  optical  absorbance,  at  665  nm. 
In  the  Initial  green  state.  The  electrolytes  were  aqueous  1M 
Na2S04,  1M  KC1,  and  0.5M  HC1.  The  counter  electrodes  were 
Pb/PbS04  In  the  sulfate  solution  and  Ag/AgCl  In  the  chlorides.  All 
data  reported  here  were  obtained  under  a  stationary  helium  atmosphere. 


RESULTS 


It  was  found  In  the  present  study  that  an  oxidation  front  could  be 
propagated  under  helium  with  a  sulfate  electrolyte  as  well  as  a 
chloride.  This  result  contrasted  with  our  previous  experience  In  which 
ambient  oxygon  was  required  to  propagate  the  anodic  boundary  with  the 
sulfate  counter  Ion  but  not  with  the  chloride  (3).  The  different 


*Pc  Is  the  conventional  symbol  for  the  phthalocyanlnato  group 
C32Hl«N8. 
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behavior  observed  here  probably  was  due  to  deposition  of  the  dye  film 
on  the  heated  substrate  (4).  The  film  resistance  again  Increased  under 
a  flowing  gas  atmosphere,  confirming  that  some  water,  or  solvent,  was 
needed  to  facilitate  the  transport  of  Ions  through  the  reacted  film. 

Merging  of  the  reddish  anodic  product  region  with  the  blue  cathodic 
one  was  accomplished  In  several  of  the  dual -boundary  experiments.  The 
total  resistance,  determined  from  the  ratio  of  the  applied  voltage  to 
the  current,  leveled  off  as  the  boundaries  merged  but  showed  no  major 
change  In  magnitude.  Those  data  were  not  amenable  to  detailed 
Interpretation  because  the  blue/green  boundary  tended  to  propagate 
unevenly. 


Reversal  of  the  current  In  either  type  of  experiment  caused  a  much 
more  pronounced  effect,  which  Is  Illustrated  by  the  voltage-time  plot 
In  Fig.  1  and  further  noted  for  Na2S04  and  KC1  electrolytes  In 
Table  I.  The  cell  resistance  began  to  drop  Imnedlately  on  reversal  of 
the  current  and.  In  several  minutes,  reached  a  fairly  steady  value  some 
5  to  20  times  lower  than  the  resistance  measured  In  the  opposite 
direction  before  the  reversal.  In  the  case  of  a  single  boundary,  the 
charge  that  accompanied  this  resistance  drop  was  about  5  percent  of  the 
original  charge  required  to  convert  the  film.  Somewhat  greater 
relative  charges  were  associated  with  such  resistance  drops  In  the  dual 
cells  where  the  boundaries  had  already  begun  to  merge  before  the 
current  was  reversed.  In  dual  cells  containing  HC1,  the  resistance 
drop  was  more  abrupt  than  In  those  with  the  salt  solutions,  and  no 
gradual  approach  to  a  plateau  was  evident.  The  cathodic  product  with 
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HC1  was  dark  blue,  corresponding  to  at  least  a  3-electron  reduction 


from  the  green  state  (5). 


Prolonged  reverse  electrolysis  In  a  single-boundary  cell  led  to 
generation  of  a  new  color  front  at  the  solution  Interface.  For 
example,  with  Na2S04,  a  light  blue  phase  began  to  appear  at  the 
electrolyte  Interface  In  a  previously  oxidized  film  after  the 
resistance  drop  was  completed.  Some  general  fading  of  the  reddish  film 
toward  green  had  occurred  by  that  time,  but  no  bright  green  band 
appeared  near  the  metal  contact.  Finally,  the  measured  resistance 
Increased  gradually  as  the  blue  phase  was  propagated. 


DISCUSSION 


The  rapid  drop  of  resistance  on  current  reversal  probably  signalled 
the  onset  of  electronic  conduction  through  mixed  oxidation  states  In 
the  dye.  Apparently,  there  remained  sufficient  continuity  of  the 
organic  structure  to  support  this  type  of  conduction,  even  after  the 
film  was  swollen  by  the  counter  Ions  and  solvent.  With  neutral 
electrolytes,  electron  exchange  between  LuPc£  and  luPc2  or  between 

LuPc2  and  LuPc2  can  be  envisioned,  respectively,  for  an  oxidized  or 
reduced  film.  Protonated  forms.  Including  LuHPc2,  would  be  expected 
to  participate  In  a  film  converted  with  an  acidic  electrolyte  (5). 

To  understand  the  effect  of  current  reversal  more  fully,  one  may 
consider  the  example  of  an  oxidized  film,  consisting  of  the  anion 
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conductor  LuPc2C1  ,  In  contact  with  a  KC1  solution.  When  a 
cathodic  current  Is  applied,  LuPc2  begins  to  form,  an  equivalent 
amount  of  Cl"  returns  to  the  solution,  and  the  electronic 
conductivity  Increases.  Initially,  this  may  enhance  the  mobility  of 
the  chloride  Ion  (6),  but  a  phase  too  rich  in  LuPc2  would  be  expected 
to  restrict  the  passage  of  ions. 


As  electrons  become  available  at  the  solution  Interface,  another 
reaction  path  develops:  The  reduction  can  proceed  one  step  further 

to  the  light  blue  LuPc2,  with  the  uptake  of  K+  from  the  solution. 

This  light  blue  phase  Is  a  cation  conductor  which  offers  no  apparent 
means  for  anion  transport.  Once  It  attains  a  sufficient  thickness,  the 
blue  region  blocks  the  further  escape  of  chloride  Ions  to  the 
solution.  Conversion  of  the  remaining  film  to  blue  can  still  occur, 
however,  provided  the  by-product  KC1  can  be  acconmodated  within  the 
film. 


This  type  of  mechanism  Is  suggested  to  explain  the  behavior  of  the 

system  at  the  relatively  high  current  densities  used  in  the 

2 

current-reversal  experiments— typically  15  to  60  mA/cm  through  the 
cross  section  of  the  dye  film.  At  the  much  lower  current  densities 
commonly  encountered  In  cyclic  voltammetry,  formation  of  the  green 
stage  may  be  more  clearly  resolved;  diffusion  in  the  solid,  rather  than 
migration,  may  become  a  controlling  factor;  and  the  foregoing 
discussion  may  not  be  applicable.  At  the  high  currents  used  to  switch 
dlphthalocyanlne  electrochromfc  displays,  however,  the  type  of  process 
represented  by  this  example  can  be  Important.  In  fact,  we  have  used  a 
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similar  two-layer  model  to  account  quantitatively  for  the  galvanostatic 


transient  behavior  of  a  cycled  lutetlum  dlphthalocyanlne  film  (7). 
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ILLUSTRATION 

Voltage-Time  Relationship  Following  Current  Reversal  In  a 
Dual -Boundary  Pre-Oxldlzed  Lutetium  Diphthalocyanine  Film. 
Voltage  Before  Reversal  is  Given  a  Positive  Sign. 


E_»J> 
■» 


9 


Rockwell  International 
Sctenc*  C*nt«r 
SC5384.3TR 


$ 

a 


l 

* 

*V  V  *J»*  •“/  **  *■  '> 

^  -N  v'».*hV  tS  jJ\  »V  k!*..  i 


TIME  AFTER  REVERSAL  (MIN) 


..i  A 


*.  i 
*."i 


O 

i 

,y 


w 


v. 

*  - 


a 


•M 


M 


| 


01/413/83/01 

GEN/413-2 


TECHNICAL  REPORT  DISTRIBUTION  LIST, 


No. 

Copies 


Office  of  Naval  Research 
Attn:  Code  413 
800  N.  Quincy  Street 
Arlington,  Virginia  22217 

Dr.  Bernard  Douda 

Naval  Weapons  Support  Center 

Code  5042 

Crane,  Indiana  47522 

Commander,  Naval  Air  Systems 
Conmand 

Attn:  Code  310C  (H.  Rosenwasser) 
Washington,  O.C.  20360 

Naval  Civil  Engineering  Laboratory 

Attn:  Dr.  R.  W.  Drlsko 

Port  Hueneme,  California  93401 


Defense  Technical  Information  Center 
Building  5,  Cameron  Station 
Alexandria,  Virginia  22314 


DTNSRDC 

Attn:  Or.  G.  Bosmajlan 
Applied  Chemistry  Division 
Annapolis,  Maryland  21401 

Dr.  William  Tolies 
Superintendent 

Chemistry  Division,  Code  6100 
Naval  Research  Laboratory 
Washington,  D.C.  20375 


Dr.  David  Young 
Code  334 
NORDA 

NSTL,  Mississippi 


39529 


Naval  Weapons  Center 
Attn:  Dr.  A.  B.  Amster 
Chemistry  Division 
China  Lake,  California  93555 

Scientific  Advisor 
Commandant  of  the  Marine  Corps 
Code  RD-1 

Washington,  D.C.  20380 

U.S.  Army  Research  Office 
Attn:  CRD-AA-IP 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 

Mr.  John  Boyle 

Materials  Branch 

Naval  Ship  Engineering  Center 

Philadelphia,  Pennsylvania  19112 

Naval  Ocean  Systems  Center 
Attn:  Dr.  S.  Yamamoto 
Marine  Sciences  Division 
San  Diego,  California  91232 


DL/413/83/01 

359/413-2 


ABSTRACTS  DISTRIBUTION  LIST,  359/627 


Or.  Paul  Oelahay 
Department  of  Chemistry 
New  York  University 
New  York,  New  York  10003 

Dr.  P.  J.  Hendra 
Department  of  Chemistry 
University  of  Southampton 
Southampton  S09  5NH 
United  Kingdom 

Dr.  T.  Katan 
Lockheed  Missiles  and 
Space  Co.,  Inc. 

P.0.  Box  504 

Sunnyvale,  California  94088 
Dr.  D.  N.  Bennlon 

Department  of  Chemical  Engineering 
Brigham  Young  University 
Provo,  Utah  84602 

Mr.  Joseph  McCartney 
Code  7121 

Naval  Ocean  Systems  Center 
San  Diego,  California  92152 

Dr.  J.  J.  Aubom 

Bell  Laboratories 

Murray  Hill,  New  Jersey  07974 

Dr.  Joseph  Singer,  Code  302-1 
NASA-Lewl s 

21000  Brookpark  Road 
Cleveland,  Ohio  44135 

Dr.  P.  P.  Schmidt 
Department  of  Chemistry 
Oakland  University 
Rochester,  Michigan  48063 

Dr.  H.  Rlchtol 
Chemistry  Department 
Rensselaer  Polytechnic  Institute 
Troy,  New  York  12181 

Dr.  R.  A.  Marcus 
Department  of  Chemistry 
California  Institute  of  Technology 
Pasadena,  California  91125 


Dr.  E.  Yeager 
Department  of  Chemistry 
Case  Western  Reserve  University 
Cleveland,  Ohio  44106 

Dr.  C.  E.  Mueller 
The  Electrochemistry  Branch 
Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring,  Maryland  20910 

Dr.  Sam  Perone 
Chemistry  &  Materials 
Science  Department 

Lawrence  Livermore  National  Laboratory 
Livermore,  California  94550 

Dr.  Royce  W.  Murray 
Department  of  Chemistry 
University  of  North  Carolina 
Chapel  Hill,  North  Carolina  27514 

Dr.  B.  B rummer 
EIC  Incorporated 
111  Downey  Street 
Norwood,  Massachusetts  02062 

Dr.  Adam  Heller 

Bell  Laboratories 

Murray  Hill,  Na#  Jersey  07974 

Electrochlmlca  Corporation 
Attn:  Technical  Library 
2485  Charleston  Road 
Mountain  View,  California  94040 

Library 
Duracell,  Inc. 

Burlington,  Massachusetts  01803 


Dr.  A.  B.  Ellis 
Chemistry  Department 
University  of  Wisconsin 
Madison,  Wisconsin  53706 

Dr.  Manfred  Brelter 

Instltut  fur  Technlsche  Elektrochemle 

Technlschen  Unlversltat  Wien 

9  Getreldemarkt,  1160W1en 

AUSTRIA 


DL/413/83/01 

359/413-2 


ABSTRACTS  DISTRIBUTION  LIST.  359/627 


Dr.  M.  Wrlghton 
Chemistry  Department 
Massachusetts  Institute 
of  Technology 

Cambridge,  Massachusetts  02139 

Dr.  B.  Stanley  Pons 
Department  of  Chemistry 
University  of  Utah 
Salt  Lake  City,  Utah  84112 

Donald  E.  Mains 
Naval  Weapons  Support  Center 
Electrochemical  Power  Sources  Division 
Crane,  Indiana  47522 

S.  Ruby 
DOE  (STOR) 

M.S.  6B025  Forrestal  Bldg. 

Washington,  D.C.  20595 

Or.  A.  0.  Bard 
Department  of  Chemistry 
University  of  Texas 
Austin,  Texas  78712 

Or.  Janet  Osteryoung 
Department  of  Chemistry 
State  University  of  New  York 
Buffalo,  New  York  14214 

Or.  Donald  W.  Ernst 
Naval  Surface  Weapons  Center 
Code  R-33 

White  Oak  Laboratory 
Silver  Spring,  Maryland  20910 


Dr.  M.  M.  Nicholson 
Electronics  Researsk-GerrTgr 
Rockwell  International 
3370  Mija+flfna  Avenue 
^gaherm,  California 

Dr.  Michael  J.  Weaver 
Department  of  Chemistry 
Purdue  University 
West  Lafayette,  Indiana  47907 

Dr.  R.  David  Rauh 
EIC  Laboratories,  Inc. 

Ill  Downey  Street 
Norwood,  Massachusetts  02062 

Dr.  Aaron  Wold 
Department  of  Chemistry 
Brown  University 
Providence,  Rhode  Island  02192 

Dr.  Martin  Flelschmann 
Department  of  Chemistry 
University  of  Southampton 
Southampton  S09  5NH  ENGLAND 

Dr.  R.  A.  Osteryoung 
Department  of  Chemistry 
State  University  of  New  York 
Buffalo,  New  York  14214 

Dr.  Denton  Elliott 
Air  Force  Office  of  Scientific 
Research 
Bolling  AFB 

Washington,  D.C.  20332 


I: 

I 


Mr.  James  R.  Moden 

Naval  Underwater  Systems  Center 

Code  3632 

Newport,  Rhode  Island  02840 

Dr.  Bernard  Splelvogel 
U.S.  Army  Research  Office 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 

Dr.  Aaron  Fletcher 
Naval  Weapons  Center 
Code  3852 

China  Lake,  California  93555 


Dr.  R.  Nowak 

Naval  Research  Laboratory 
Code  6170 

Washington,  D.C.  20375 

Dr.  D.  F.  Shrlver 
Department  of  Chemistry 
Northwestern  University 
Evanston,  Illinois  60201 

Dr.  Boris  Cahan 
Department  of  Chemistry 
Case  Western  Reserve  University 
Cleveland,  Ohio  44106 


01/413/83/01 

359/413-2 


ABSTRACTS  DISTRIBUTION  LIST,  359/627 


Or.  David  Alkens 
Chemistry  Department 
Rensselaer  Polytechnic  Institute 
Troy,  New  York  12181 

Or.  A.  B.  P.  Lever 
Chemistry  Department 
York  University 
Downsvlew,  Ontario  M3J1P3 

Or.  Stanlslaw  Szpak 
Naval  Ocean  Systems  Center 
Code  6343,  Bayslde 
San  Diego,  California  95152 

Dr.  Gregory  Farrington 
Department  of  Materials  Science 
and  Engineering 
University  of  Pennsylvania 
Philadelphia,  Pennsylvania  19104 

M.  L.  Robertson 
Manager,  Electrochemical 
and  Power  Sources  Division 
Naval  Weapons  Stpport  Center 
Crane,  Indiana  47522 

Dr.  T.  Marks 
Department  of  Chemistry 
Northwestern  University 
Evanston,  Illinois  60201 

Dr.  Mlcha  Tomklewlcz 
Department  of  Physics 
Brooklyn  College 
Brooklyn,  New  York  11210 

Dr.  Lesser  Blum 
Department  of  Physics 
University  of  Puerto  Rico 
Rio  Pledras,  Puerto  Rico  00931 

Or.  Joseph  Gordon,  II 
IBM  Corporation 
K33/281 

5600  Cottle  Road 

San  Jose,  California  95193 

Or.  Hector  D.  Abruna 
Department  of  Chemistry 
Cornell  University 
Ithaca,  New  York  14853 


Dr.  D.  H.  Whitmore 
Department  of  Materials  Science 
Northwestern  University 
Evanston,  Illinois  60201 

Dr.  Alan  Bewick 
Department  of  Chemistry 
The  University  of  Southampton 
Southampton,  S09  5NH  ENGLAND 

Dr.  E.  Anderson 
NAVSEA-56Z33  NC  #4 
2541  Jefferson  Davis  Highway 
Arlington,  Virginia  20362 

Dr.  Bruce  Dunn 
Department  of  Engineering  & 

Applied  Science 
University  of  California 
Los  Angeles,  California  90024 

Dr.  Elton  Calms 
Energy  &  Environment  Division 
Lawrence  Berkeley  Laboratory 
University  of  California 
Berkeley,  California  94720 

Dr.  D.  Clprls 
Allied  Corporation 
P.0.  Box  3000R 

Morristown,  New  Jersey  07960 

Dr.  M.  Phil  pot t 

IBM  Corporation 

5600  Cottle  Road 

San  Jose,  California  95193 

Dr.  Donald  Sandstrom 
Boeing  Aerospace  Co. 

P.0.  Box  3999 

Seattle,  Washington  98124 
Dr.  Carl  Kannewurf 

Department  of  Electrical  Engineering 
and  Computer  Science 
Northwestern  University 
Evanston,  Illinois  60201 

Dr.  Richard  Pollard 
Department  of  Chemical  Engineering 
University  of  Houston 
4800  Calhoun  Blvd. 

Houston,  Texas  77004 


OL/413/83/Ol 

359/413-2 


ABSTRACTS  DISTRIBUTION  LIST,  359/627 


Dr.  Robert  Somoano 
Jet  Propulsion  Laboratory 
California  Institute  of  Technology 
Pasadena,  California  91103 

Dr.  Johann  A.  Joebstl 

USA  Mobility  Equipment  R&D  Conmand 

ORDME-EC 

Fort  Bel  voir,  Virginia  22060 

Dr.  Judith  H.  Ambrus 
NASA  Headquarters 
M.S.  RTS-6 

Washington,  O.C.  20546 

Dr.  Albert  R.  landgrebe 
U.S.  Department  of  Energy 
M.S.  6B025  Forrestal  Building 
Washington,  D.C.  20595 

Dr.  J.  J.  Brophy 
Department  of  Physics 
University  of  Utah 
Salt  Lake  City,  Utah  84112 

Dr.  Charles  Martin 
Department  of  Chemistry 
Texas  ASM  University 
College  Station,  Texas  77843 

Dr.  H.  Tachlkawa 
Department  of  Chemistry 
Jackson  State  University 
Jackson,  Mississippi  39217 

Dr.  Theodore  Beck 
Electrochemical  Technology  Corp. 
3935  Leary  Way  N.W. 

Seattle,  Washington  98107 

Dr.  Farrell  Lytle 
8oe1ng  Engineering  and 
Construction  Engineers 
P.0.  Box  3707 

Seattle,  Washington  98124 

Dr.  Robert  Gotscholl 
U.S.  Department  of  Energy 
MS  G-226 

Washington,  O.C.  20545 


Dr.  Edward  Fletcher 
Department  of  Mechanical  Engineering 
University  of  Minnesota 
Minneapolis,  Minnesota  55455 

Dr.  John  Fontanel la 
Department  of  Physics 
U.S.  Naval  Academy 
Annapolis,  Maryland  21402 

Dr.  Martha  Greenblatt 
Department  of  Chemistry 
Rutgers  University 
New  Brunswick,  New  Jersey  08903 

Dr.  John  Wasson 
Syntheco,  Inc. 

Rte  6  -  Industrial  Pike  Road 
Gastonia,  North  Carolina  28052 

Dr.  Walter  Roth 
Department  of  Physics 
State  University  of  New  York 
Albany,  New  York  12222 

Dr.  Anthony  Sammells 
Eltron  Research  Inc. 

4260  Westbrook  Drive,  Suite  111 
Aurora,  Illinois  60505 

Dr.  W.  M.  Risen 
Department  of  Chemistry 
Brown  University 
Providence,  Rhode  Island  02192 

Dr.  C.  A.  Angell 
Department  of  Chemistry 
Purdue  University 
West  Lafayette,  Indiana  47907 

Dr.  Thomas  Oavls 
Polymer  Science  and  Standards 
Division 

National  Bureau  of  Standards 
Washington,  O.C.  20234 

Ms.  Wendy  Parkhurst 

Naval  Surface  Weapons  Center  R-33 

Silver  Spring,  Maryland  20910 


6-85 

TIC 


